This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 



BLACK BORDERS 

TEXT CUT OFF AT TOP, BOTTOM OR SIDES 
FADED TEXT 
ILLEGIBLE TEXT 
SKEWED/SLANTED IMAGES 
COLORED PHOTOS 

BLACK OR VERY BLACK AND WHITE DARK PHOTOS 
GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



(USPTO) 



(19) 



J 



EuropSisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(11) EP 1 089 596 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 


(51) IntCI. 7 : H 05 B 33/12, H01L 51/20 


04.04.2001 Bulletin 2001/14 




(21) Application number; 00308543.8 




(22) Date of filing: 28.09.2000 




(84) Designated Contracting States: 


• Mizutanl, Hidcmasa, 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


c/o Canon Kabushlkl Kalsha 


MC NL PT SE 


Tokyo (JP) 


Designated Extension States: 


• Tsuboyama, Akira, c/o Canon Kabushlkl Kalsha 


ALLTLVMK RO SI 


Tokyo (JP) 




• TaWguchl, Takao, c/o Canon Kabushlkl Kalsha 


(30) Priority: 28.09.1999 JP 27387999 


Tokyo (JP) 


• Moriyama, Takashl, c/o Canon Kabushiki Kalsha 


(71) Applicant: CANON KABUSHIKI KAISHA 


Tokyo (JP) 


Tokyo (JP) 


(74) Representative: 




(72) Inventors: 


Beresford, Keith Denis Lewis et al 


• Okada, ShtnJIro, c/o Canon Kabushlkl Kalsha 


BERESFORD & Co. 


Tokyo (JP) 


High Holborn 


2-5 Warwick Court 




London WC1R5DJ (GB) 



(54) Conductive liquid crystal device, and organic electroluminescence device 



(57) In a conductive liquid crystal device, particular- 
ly an organic electroluminescent device, including a car- 
rier transporting layer (3) of a conductive liquid crystal 
and a functional organic layer (5) disposed between a 
pair of electrodes (2, 6). a protective layer (4) having a 
carrier-transporting capability is inserted between the 



carrier transporting layer (3) and the organic layer (5), 
As a result, deterioration, such as the occurrence of mo- 
lecular association (such as exciplex), at the boundary 
between the carrier transporting layer (3) and the organ- 
ic layer (5) can be effectively prevented, whereby a suf- 
ficient luminescence can be attained at a lower voltage 
to improve the durability of the device. 
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Description 

FIELD OF THE INVENTION AND RELATED ART 

s [0001] The present invention relates to an (electro)conductive liquid crystal device used in electronic devices, and 
an organic electroluminescence device using the liquid crystal device. 

[0002] As for organic electroluminescence devices (hereinafter, the term "electroluminescence M being sometimes 
abbreviated as B EL W according to a common usage in the field), carrier injection-type EL devices utilizing organic solids, 
such as anthracene single crystal, were studied in detail. These devices were of a single layer-type, but thereafter 

10 Tang, et al proposed a lamination-type organic EL device comprising a luminescence layer and a hole transporting 
layer between a hole injecting electrode and an electron injecting electrode. The luminescence mechanism in these 
injection-type EL devices commonly includes stages of (1) electron injection from a cathode and hole injection from 
an anode, (2) movement of electrons and holes within a solid, (3) recombination of electrons and holes, and (4) lumi- 
nescence.from single term excitons. 

is [0003] A representative example of the lamination-type EL device may have a structure including an ITO film as a 
cathode formed on a glass substrate, a ca. 50 nm-thfck layer formed thereon of TPD (N.N^iiphenyl-N.N'-dKS-methyl- 
phenyl)-1 ,1 '-biphenyl-M'-diamine) as represented by a structural formulashown below, a ca. 50 nm-thick layer thereon 
of Alq3 (ths(8-quinolinolato)-aluminum) as also represented by a structural formula shown below, and further a vacuum 
deposition layer of Al-U alloy as a cathode. 

20 
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so [0004] By setting the work function of the ITO used as the anode at 4.4 - 5,0 eV, the hole injection to TPD is made 
easier, and the cathode is composed of a metal which has as small a work function as possible and also is stable. 
Examples of the cathode metal may include Al-Li alloy as mentioned above and also Mg-Ag alloy. By the above or- 
ganization, green luminescence may be obtained by applying a DC voltage of 5 - 1 0 volts. 

[0005] An example using a conductive liquid crystal as a carrier transporting layer is also known. For example, D. 
55 Adam et al (Nature, Vol. 371 , p. 141 -) have reported that a long-chain triphenylene compound as a discotic liquid crystal 
material exhibited a mobility of 10* 3 - 10 -2 cm 2 AA,sec in its liquid crystal phase (Dh phase) and a mobility of 10 _1 cm 2 / 
V.sec in its mesophase (an intermediate phase, not a liquid crystal phase). Also, as for a bar-shaped liquid crystal, 
Junichi Hanna (Ohyou Butsuri (Applied Physics), Vol. 68, No. 1 , p. 26-) has reported that a phenylnaphthalene com- 
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pound exhibited a mobility of 10 -3 cm 2 /V.sec or higher in its smectic B phase. 

[0006] As a trial for using such a liquid crystal for electroluminescence, INGAH STAPFF et al. (Liquid Crystals, Vol. 
23 No 4, pp. 613^617) have reported an organic EL device using a triphenylene-type discotic liquid crystal. Other 
reports are found in POLYMERS FOR ADVANCES TECHNOLOGIES, Vol. 9, pp. 463-460 (1998), and ADVANCED 

5 MATERIALS (1 997), Vol. 9, No. 1 , p. 48-. 

[0007] in a conventional organic EL device, a high electric field (on the order of 1 0 V/100 nm) has been required for 
drive because of low performances of injection of electrons and holes from the electrodes, such as ITO, to the organic 
layers. As organic materials used in an organic EL device have a band gap as broad as ca. 3.0 eV or more, thermal 
excitation-type free electrons are not present in a conduction band (or LUMO: Lowest Unoccupied Molecular Orbital), 

10 a drive current is principally supplied by a tunnel current injected from the electrodes. The injection efficiency of the 
current is known to be remarkably affected not only by the work functions of the electrodes and a level gap between 
LUMO and HOMO (Highest Occupied Molecular Orbital) of the organic materials but also by the molecular alignment 
and structure of the organic materials. For example, in the case where organic molecules assume a crystalline state, 
minute crystalline boundaries function as carrier conduction obstacles, so that organic materials are generally used in 

is an amorphous state, but only a low carrier injection efficiency is available in this case. 

[0008] For the above reason, in order to attain a sufficient drive current by using ordinary organic compounds (such 
as TPD, cc-NPD (bisIN-(1-naphthyl)-N-phenyl]benzidine), TAZ-01 (3-(4-biphenyl)-4-phenyl-5-(4-tert-butylphenyl)- 
1 ,2,4-triazole), Alq3 t etc) in ordinary EL devices, it has been necessary to apply a high electric field (on the order of 
1 0 V/100 nm) across the organic layer-electrode boundaries. Further, as the mobility of the organic materials is on the 

20 order of 1 0^ - 1 0' 5 cmW.sec, it is also necessary to apply a high electric field in order to ensure a drive current. 

[0009] The application of such a high electric field leads to the necessity of thin device layers, which also lead to an 
electrical short circuit between the electrodes and an increase in capacitance load. 

[0010] Further, an organic EL device is liable to be affected by invaded moisture to cause deterioration of luminance 
performance and drive performance, thus showing poor durability. In an ordinary organic EL device, the organic layers 

6 are disposed in lamination and then the cathode is formed thereon by vapor deposition of a metal film. In this instance, 
a metal species having a small work function suitable for the cathode is susceptible of oxidation and has a low durability. 
Even in case of forming a protective film thereon by sputtering, the organic layers are liable to be degraded if the 
forming temperature is high (with an ordinary limit of 100 °C), and the destruction of the device structure due to the 
film stress is also problematic. 

30 

SUMMARY OF THE INVENTION 

[001 1] An object of the present invention is to provide a device including a conductive liquid crystal layer functioning 
as a carrier transporting layer exhibiting a high carrier injection efficiency and a rich durability. 
35 [0012] Another object of the present invention is to provide a reliable organic EL device capable of providing sufficient 
luminance at a low applied voltage and exhibiting a long-term stable reliability by including such a conductive liquid 
crystal device. 

[0013] According to the present invention, there is provided a conductive liquid crystal device, comprising a pair of 
oppositely spaced electrodes, and a carrier transporting layer disposed in contact with one of the electrodes and com- 
aq prising a conductive liquid crystal having a ^-electron resonance structure in its molecule, a protective layer disposed 
in contact with the carrier transporting layer and having a carrier transporting function, and an organic layer disposed 
in contact with the protective layer, respectively disposed between the electrodes. 

[0014] According to the present invention, there is also provided an organic electroluminescence device, comprising 
a pair of oppositely spaced electrodes, and a carrier transporting layer disposed in contact with one of the electrodes 
and comprising a conductive liquid crystal having a 7t-electron resonance structure in its molecule, a protective layer 
disposed in contact with the carrier transporting layer and having a carrier transporting function, and a luminescent 
organic layer disposed in contact with the protective layer, respectively disposed between the electrodes. 
[0015] A characteristic device structure according to the present invention is that a protective layer having a carrier- 
transporting function is Inserted between an organic layer and a carrier transporting layer and by the protective layer, 

50 the deterioration at the boundary between the organic layer and the carrier transporting layer, e.g., the occurrence of 
molecular association (such as exciplex), can be prevented. Another characteristic is the use of a conductive liquid 
crystal having a 7c-electron resonance structure in addition to the protective layer, and by aligning the ^-electron reso- 
nance plane of the conductive liquid crystal substantially parallel to the adjacent electrode surface to form a carrier 
transporting layer exhibiting improved performance of carrier injection from the electrode boundary. 

55 [0016] As a result, in the organic EL device according to the present invention, the deterioration at the boundary 
between the luminescent organic layer and the carrier transporting layer can be suppressed, whereby a sufficient 
luminescence can be attained at a low voltage to reduce the power consumption and the short circuit between the 
electrodes can be prevented, thereby improving the reliability of the organic EL device. 
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[0017] The conductive liquid crystal device of the present invention can be utilized not only in such an organic EL 
device but also in other electron devices, such as a photosensor, a photoconductor (as in electrophotographic appa- 
ratus), an organic semiconductor device (organic TFT), and a spatial modulation device. 

[0018] These and other objects, features and advantages of the present invention will become more apparent upon 

5 a consideration of the following description of the preferred embodiments of the present invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 [0019] Figure 1 is a schematic sectional view for illustrating an organization of an embodiment of the organic EL 
device according to the invention. 

[0020] Figure 2 is a schematic sectional view of an organic EL device prepared in an Example. 

[0021] Figure 3 is a graph showing temperature-dependence of current densities of organic EL devices prepared in 

Example 2 and Comparative Examples 2 and 2A. 

15 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0022] In the device structure of the present invention, a layer of conductive liquid crystal is used as a carrier trans- 
porting layer contacting an electrode, i.e., a charge injection layer, because of the following reason and functions. 

20 

(1) Some conductive liquid crystals have a mobility exceeding 10 -2 cm^V.sec (D. Adam, et al; Nature, Vol. 371 , 
p. 141-). 

(2) A conductive liquid crystal has an alignment characteristic because it causes phase transition by temperature 
change to assume a low order phase, such as nematic phase or discotic disordered phase, and can be used in 

2 $ an aligned state on an electrode surface. Such an alignment order can be retained even in a phase below the 
liquid crystal phase. In this case, the conductive liquid crystal can exhibit various functions attributable to the 
alignment order in the phase below the liquid crystal phase. 

(3) In the case of using a discotic liquid crystal as a conductive liquid crystal, a discotic liquid crystal generally has 
a structure including a core of, e.g., triphenylene, and side chains attached to the periphery of the core for devel- 

30 oping rnesomorphism (liquid crystal property). The side chains generally exhibit poor wettability with a substrate 

of a metal or a metal oxide (such as ITO), so that in the liquid crystal state of the discotic liquid crystal, the core is 
aligned parallel to the electrode surface, whereby the n-electron resonance plane of the core is aJigned parallel to 
the electrode surface, thereby facilitating carrier transfer with the electrode. Accordingly, it is possible to provide 
a higher injection efficiency than an ordinary organic compound in an amorphous state. 

35 in this way, by aligning a discotic liquid crystal having hydrophobic side chains relative to an electrode surface, 

it is possible to improve the efficiency of carrier injection from the electrode to the organic layers. This effect can 
also expected for an ordinary bar-shaped liquid crystal having a molecular structure including a phenyl group or 
a naphthalene group having a re-electron resonance plane. 

(4) A molecule exhibiting rnesomorphism can change a molecular disposition relative to an electrode surface by 
40 a realigning post-treatment. This can also facilitate the injection efficiency. 

[0023] In the above-mentioned utilization of a conductive liquid crystal, a high-order liquid crystal phase having a 
higher degree of order has a low fluidity and the alignment in the high order liquid crystal phase per se is difficult, so 
that for the purpose of alignment in such a high-order liquid crystal phase, a re-aligning treatment after heating to a 

4£ higher temperature phase is required. However, such heating for re-alignment is not desirable because a heated liquid 
crystal material, e.g., in a liquid state, is liable to show a strong dissolving power to the other members. Accordingly, 
in the present invention, it is preferred to use a low-order liquid crystal phase having a better alignment characteristic. 
However, even such a low-order liquid crystal can deteriorate an organic layer (or a luminescent organic layer in an 
organic EL device) or a boundary with the organic layer in some cases if it directly contacts the organic layer. 

so [0024] However, in the present invention, the deterioration of the organic layer or the boundary with the organic layer 
can be prevented by disposing a protective layer between the carrier transporting layer comprising a conductive liquid 
crystal and the organic layer. 

[0025] More specifically, in the case where a liquid crystal layer directly contacts a luminescence layer, a molecular 
association (exclplex) is liable to be formed between a liquid crystal molecule and a luminescent organic molecule at 

6 the boundary therebetween or within the luminescence layer due to liquid crystal molecules diffused into the lumines- 
cence layer. Such an exciplex, when formed, functions as a stable electron-exciting species and is liable to change 
the luminescence performance, 

[0026] Such an exciplex is formed by charge transfer or excitation resonance between an excited molecule and a 
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non-excited molecule. The formation of such an exclplex can be prevented by measures, such as (1) increasing an 
excitation energy difference between the contacting molecules, (2) equalizing the acceptor or donor characteristic of 
the contacting molecules, (3) using a single typB of carriers (holes or electrons), and (4) using a non-planar boundary 
structure. The measure (4) is, however, not useful in combination with a liquid crystal material contemplated in the 
5 present invention. In the present invention, a protective layer having a carrier transporting function in the present 
invention is used so as to have the protective layer suppress the formation of such exciplexes owing to any one of the 
above-mentioned measures (1) - (3). 

[0027] Hereinbelow, the organization of the device will be described more specifically. 

[0028J In the present Invention, the conductive liquid crystal constituting the carrier transporting layer may suitably 
10 have a rc-electron resonance structure, which is generally given by an aromatic ring. Examples thereof may include: 
triphenylene ring, naphthalene ring and benzene ring, as representative, and also pyridine ring, pyrimidine ring, pyri- 
dazine ring, pyrazine ring, tropone ring, azulene ring, benzofuran ring, indole ring, indazole ring, benzothiazole ring, 
benzoxazole ring, benzimidazole ring, quinoline ring, isoquinoline ring, quinazoline ring, quinoxaline ring, phenanthrene 
ring and anthracene ring. 

15 [0029] The conductive liquid crystal used in the present invention may preferably comprise a dlscotic liquid crystal 
or a smectic liquid crystal. A discotic liquid crystal may generally have a core structure which may be given by an 
aromatic ring as mentioned above for the 7i-electron resonance structure, as represented by triphenylene ring (or 
skeleton). Further examples thereof may include truxene skeleton, metal-phthalocyanine skeleton, phthalocyanine 
skeleton, dibenzopyrene skeleton, metal-phthalocyanine skeleton, dibenzopyrene skeleton, and hexabenzocoronene 

20 skeleton. 

[0030] Specific examples of the discotic liquid crystal preferably used in the present invention may Include: HHOT 
(hexakls(hexyloxy)triphenylene and PFT-1 (hexakis(pentafluorooctyloxy)triphenylene represented by the following 
structural formulae: 



25 




R 



40 HHOTR:C S H 13 0 

PFT-1 R:C 2 F 5 (CH 2 ) 6 0 

[0031] To supplement, the discotic liquid crystal phases may be classified into discotic nematic phase and discotic 
columnar phase, and the discotic columnar phase is further divided into discotic disordered phase and discotic ordered 
phase which has a higher order than the discotic disordered phase. 
45 [0032] A higher mobility is exhibited by a liquid crystal having discotic ordered phase, but in view of a carrier injection 
performance from an electrode surface, a liquid crystal having discotic disordered phase can exhibit a better perform- 
ance because of its better alignability of n-electron resonance plane parallel to the electrode surface, thus being pref- 
erably used to constitute a carrier transporting layer according to the present invention. 

[0033] On the other hand, it is also possible to use a smectic liquid crystal having a bar-shaped molecular structure 
so and assuming a smectic phase in a prescribed temperature range as a conductive liquid crystal for constituting the 
carrier transporting layer in the device of the present invention. It is particularly preferred to use a smectic liquid crystal 
having SrnE phase or a smectic phase of a lower order than SmE. 

[0034] The carrier transporting layer of a conducive liquid crystal according to the present invention may be formed 
by vacuum deposition on an electrode. The layer of conductive liquid crystal after the vacuum deposition is assumed 
55 to have an amorphous state, i.e., isotropic, indefinite and bulky alignment state. Liquid crystal molecules in such an 
alignment state can readily cause an alignment change at a liquid crystal phase temperature. Accordingly, In a device 
including a carrier transporting layer formed by vacuum deposition of a conductive liquid crystal, it is possible to easily 
re-align the tc- electron resonance plane parallel to an associated electrode surface by an appropriate heating treatment, 
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thereby attaining a high carrier injection efficiency. 

[0035] As for the electrode materials used in the present invention, examples of the anode materials may include: 
indium oxide, tin oxide, Cd^nO,*, zinc oxide, copper iodide, gold and platinum, in addition to ITO. Examples of the 
cathode materials may include: alkali metals, alkaline earth metals and alloys of these, inclusive of socfium. potassium, 
magnesium, lithium, sodium-potassium alloy, magnesium-indium alloy, magnesium-silver alloy, aluminum, aluminum- 
lithium alloy, aluminum-copper alloy, aluminum-copper-silicon alloy. 

[0036] As for the protective layer material having a carrier-transporting characteristic, it is preferred to use a material 
having a large molecular volume so as to exhibit little diffusivity into the conductive liquid crystal used in the carrier 
transporting layer. The protective layer material may preferably be one not having a liquid crystal phase of an order 
equivalent to or lower than that of a disordered phase, more preferably be a non-liquid crystal material. The protective 
layer may preferably have a principal charge carrier type identical to that of the carrier transporting layer. The protective 
layer may exhibit selective transportability for either one of holes or electrons as the charge carrier. The protective 
layer material may preferably have a band gap broader than that of the carrier transporting layer material 
[0037] Specific examples of the protective layer material may- include the following: 

a-IMPD: bis[N-1 -(naphthyl)-N-phenyl]benzidine, 

1- TANTA: 4 l 4' l 4 w -tris(1-naphthylphenylamino)-triphenylamine, 

2- TANTA: 4,4 , t 4 n -tris(2-naphthylphenytamino)-triphenylamine 1 
TCTA: 4 ( 4 , ,4Mris(Nrcarbazoyl)triphenylamine, 

p-DPA-TDAB: l.a.S-tristN^diphenylaminophenylJ-phenylaminolbenzene, 
TDAB: 1 AS-tristdiphenylaminoJbenzene, 
DTATA: 4,4 , J 4 n -tris(diphenylamino)triphenylamine, 
TDAPB: 1 .a.B-trisKdiphenylaminoJphGnylJbenzene. 

For reference, a-NPD is represented by the following structural formula: 



[0038] Further, examples of materials for the luminescent organic layer may include: in addition to Alq3, BeBq (bis 
(benzoquinolinolato)beryllium), DTVB2 (4,4 , -bis(2 t 2-di-p-tolyrvinyl)biphenyl), Eu(DBM)3(Phen) (tris(1 ,3-diphenyl- 
1 ,3-propanediono)-monophenanthroline)Eu(MI)), and further, diphenylethylene derivatives, triphenylamine derivatives, 
diaminocarbazole derivatives, blsstyryl derivatives, benzothiazole derivatives, benzoxazoie derivatives, aromatic di- 
amine derivatives, quinacridone compounds, perylene compounds, oxadiazole derivatives, coumarin compounds, and 
anthraquinone derivatives, These materials are preferably formed in an amorphous state by vacuum deposition. 
[0039] Figure 1 is a schematic sectional view showing a basic structure of an embodiment of the organic EL device 
according to the present invention. Referring to Figure 1, the organic EL device includes a transparent substrate 1 , an 
anode (transparent electrode, e.g., ITO) 2, a carrier transporting layer 3, a protective layer 4, a luminescent organic 
layer 5 and a cathode 6, laminated in this order. In this embodiment, the carrier transporting layer 3 comprises a hole- 
transporting conductive liquid crystal having HOMO close to the energy level of ITO constituting the anode 2 and is 
disposed in contact with the anode 2. A carrier transporting layer comprising a conductive liquid crystal having an 
electron-transporting characteristic and disposed in contact with the cathode 6 is expected to have a similar effect of 
improving the carrier injection from the electrode. 

[0040] Hereinbelow, the present invention will be described more specifically based on Examples. 



[0041] An organic EL device having a sectional structure as shown in Figure 2 was prepared. Figure 2 shows a 
similar structure as in Rgure 1 but shows luminescence layers 5a, 5b and 5c of different colors instead of the single 



a-NPD 




(Example 1) 
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luminescence layer 5 in Figure 1 . 

[0042] More specifically, on aglass substrate 1 held at 200 •C, a 70 nm-thick ITO film was formed as a hole-injecting 
anode 2 by sputtering using a target of in 90 % and Sn 10 % while flowing Ar gas at 200 seem and 0 2 gas at 3 seem. 
The ITO film showing a work function of ca. 4.35 eV was exposed to ultraviolet rays from a low-pressure mercury lamp 

5 to have an elevated work function of 4.60 ev*. 

[0043] The above-treated substrate 1 having an ITO film 2 was placed in a vacuum chamber held at a pressure 
below 2x1 o* 5 torr, and a ca. 50 nm-thick layer of HHOT (hexakis(hexyloxy)triphenylene) was formed on the ITO film 2 
as a carrier transporting layer 3 by vacuum deposition at a rate of ca. 0.1 nm/sec at a pressure of 1 xl 0* torr according 
to the resistance heating vacuum deposition method. HHOT exhibited a mobility of 1x1 0" 3 cm 2 /V.sec at ca. 70 °C or 

10 below according to the time-of-flight method when sandwiched in a 15 ujn-thick layer between a pair of ITO substrates. 
Incidentally, HHOT is a discotic liquid crystal causing a transition from crystal to discotic disordered phase at 65 °C 
and a transition to isotropic phase at 98 °C. 

[0044] Then, on the HHOT layer 3, a protective layer 4 of a-NPD was formed in a thickness of 50 nm by vacuum 

deposition at a rate of ca. 0.1 nm/sec under a pressure of 1x1 cr 5 torr. 
is [0045] Luminescent organic layer segments 5a - 5c exhibiting different luminescent wavelengths were respectively 

formed in a thickness of 50 nm on the protective layer 4 by vacuum deposition through a mask under the conditions 
" of a pressure of 1 xl 0-5 torr and a deposition rate of ca. 0.1 nm/sec. The organic layers 5a - 5c were respectively formed 

of Alq3 alone, Alq3 doped with 5 wt. % of perylene for shifting the luminescence wavelength to a shorter wavelength 

side, and Aiq3 doped with 5 wt. % of DCM (a styryl dye) for shifting to a longer wavelength side. The structural formulae 
20 for the above-mentioned perylene and DCM are shown below. 



perylene 

25 



30 



DCM 

35 
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CH 3 



so [0046] The above-prepared organic layers 5a - 5c were respectively coated with cathode metals 6 each comprising 
a 50 nm-thick layer of Al-Li alloy (Li content = 1 .8 wt. %) and a 1 50 nm-thick Al layer, respectively formed by vacuum 
deposition, to obtain an organic EL device having a structure as shown in Figure 2. 

(Comparative Example 1) 

55 

[0047] An organic EL device was prepared in the same manner as in Example 1 except for not forming the protective 
layer 4 of a-NPD. 

[0043] The organic EL devices of Example 1 and Comparative Example 1 prepared in the above-described manner 
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W ere respectively heated to 65 •C, whereby electroluminescence was realized at an increased current at that temper- 
ature in respective devices. However, the device of Example 1 exhibited a remarkably larger current and correspond- 
ingly increased luminescence. The current flow is considered to depend on the state of boundary between the liquid 
crystal layer and the adjacent layer and has been increased by the insertion of a protective layer as in the present 
5 invention. 

[0049] The reason for the current increase attained by the protective layer of ct-NPD in Example 1 may be attributable 
to a feature that a bulky molecule like a-NPD shows a suppressed diffusivity into the liquid crystal layer, thus not 
obstructing the carrier conduction, whereas a spherical molecule like Alq3 is liable to be diffused into the liquid crystal 
layer, thus forming carrier traps at the boundary. The current densities measured at an electric field intensity of 8 V/ 
io 100 nm for the devices of Example 1 and Comparative Example 1 are shown in Table 1 below together with some 
related features. 



Table 1 



Example 


Layer structure 


Temp. (°C) 


Current (mA/cm 2 ) 


Phase ofHHOT 


1 


ITO/HHOT/a-NPD /Alq3/AILi 


30 


8.0 


crystal 






65 


300.0 


Dd* 


Comp.1 


ITO/HHOT/Alq3/AlLi 


30 


0.1 


crystal 






65 


2.0 


Dd* 



"Dd: disco tic disordered phase 



[0050] As shown in Table 1 , the devices of both Example 1 and Comparative Example 1 exhibited increased currents 
at 65 The alignment of liquid crystal (HHOT) in the carrier transporting layer on the ITO electrode was confirmed 
such that the discotic columns thereof were aligned substantially vertical to the electrode surface. (The liquid crystal 
alignment was confirmed by sample devices having corresponding structures except for a reduced cathode thickness 
of 10 nm by observation through a right-angle cross-nicol polarizing microscope. A similar alignment was observed at 
an increased liquid crystal layer thickness of 150 nm.) The increased currents were also retained at 70 °C or higher. 

(Example 2) 

[0051] -An organic EL device was prepared in the same manner as in Example 1 exceptthat the HHOT layerthickness 
was reduced to ca. 20 nm and the cathode AILi layer was reduced to 1 0 nm. 

(Comparative Example 2) 

[0052] An organic EL device was prepared in the same manner as in Example 1 except that the HHOT layer was 
omitted, the a-NPD layer thickness was increased to ca. 60 nm and the Alq3 layer thickness was increased to ca. 60 nm. 
[0053] The devices of Example 2 and Comparative Example 2 were driven at various temperatures at an electric 
field intensity of 7.8 V/100 nm. The device of Comparative Example 2 was also driven at an electric field intensity of 
7.5 V/100 nm (Comparative Example 2A). The temperature-dependences of current densities of the respective devices 
thus measured are summarized in Figure 3. 

[0054] As is clear from Figure 3, the device of Example 2 exhibited a remarkable increase in current density at liquid 
crystal phase temperatures of HHOT due to re-alignment of HHOT. 

(Example 3) 

[0055] An organic EL device was prepared in the same manner as in Example 1 except for using PFT-1 instead of 
HHOT as a conductive liquid crystal and reducing the cathode Al-Li alloy layer thickness to 10 nm. The PFT-1 layer 
was formed in a thickness of 20 nm by vacuum deposition at a rate of ca. 0.1 nm/sec under a pressure of 1x1 0* 5 torr 
PFT-1 caused a phase transition from crystal to discotic disordered phase (liquid crystal phase) at 54.7 °C and a phase 
transition from the discotic disordered phase to isotropic phase at 133.1 C C. 

(Comparative Example 3) 

[0056] An organic EL device was prepared in the same manner as in Example 3 except for omitting the u-NPD layer. 
[0057] The devices of Example 3 and Comparative Example 3 were driven at an elevated temperature of 60 °C, 
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whereby electroluminescence was realized by the respective devices. The current densities measured at an electric 
field intensity of 1 0 V/1 00 nm for the devices are shown in Table 2 below together with the related features. 



Table 2 



Example 


Layer structure 


Temp, (°C) 


Current (mA/cm 2 ) 


Phase of PFT-1 


3 


ITO/PFT-1/cc-NPD /Alq3/AILi 


30 


0.1 


crystal 






60 


15.0 


Dd* 


Comp. 3 


ITO/PFT-1/Alq3/AILi 


30 


0.1 


crystal 






60 


9.5 


Dd* 



*Dd: dbeotic disordered phase 



[0058] As shown in Table 2, the devices of both Example 3 and Comparative Example 3 exhibited Increased currents 
at 60 °C. The alignment of liquid crystal (PFT-1) in the carrier transporting layer on the 1TO electrode was confirmed 
such that the discotic columns thereof were aligned substantially vertical to the electrode surface. (The liquid crystal 
alignment was confirmed by sample devices having corresponding structures except for a reduced cathode thickness 
of 10 nm by observation through a right-angle cross-nicol polarizing microscope. A similar alignment was observed at 
an increased liquid crystal layer thickness of 1 50 nm.) The increased currents were also retained at 70 °C or higher. 

Example 4 

[0059] An organic EL device having an electron-injecting liquid crystal layer in contact with a cathode and a hole- 
blocking protective layer in contact with the liquid crystal layer was prepared. 

[0060] More specifically on a 70 nm-thick ITO film formed on a glass substrate similarly as in Example 1 , a 50 nm- 
thick a-NPD layer was formed by vacuu m deposition at a rate of ca. 0.1 nm/sec at a pressure of 1x1 0 -5 torr, and further 
thereon a 50 nm-thick layer of Alq3 was formed by vacuum deposition under similar conditions. 
[0061] Then, on the Alq3 layer, a ca. 7 nm-thick layer of BCP (2,9-dimethyl-4,7-diphenyl-1 ,10-phenanthrollne repre- 
sented by a structural formula shown below) was formed by vacuum deposition under similar conditions, and further 
thereon a 15 nm-thick electron-injecting layer of QQ77a (represented by a structural formula shown below). Then, the 
QQ77a layer was coated with a cathode metal comprising a 10 nm-thick layer of Al-Li alloy (Li content = 0,8 wt. %) 
and a 150 nm-thick Al layer. 
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QQ-77a R: CtH 15 

[0062] QQ-77a assumes a liquid crystal phase as a super-cooled phase at room temperature. BCP and QQ-77a 
commonly have an acceptor characteristic, and BCP has a band gap of ca. 3.3 eV which is somewhat broader than 
ca. 3.1 eVof QQ-77a. 

5 [0063] In such a device structure of ITO/aNPD/Alq3/ BCP/QQ77a/AILi/AI as prepared above, aNPD, Alq3 and BCP 
have HOMO levels of ca. 5.4 eV, 5.8 eV and 6.5 eV, respectively, relative to a work function 4.7 eV of ITO, so that 
holes injected from ITO are accumulated at Alq3/BCP layers and do not move to the BCP/QQ77a boundary or the 
QQ77a layer. 

[0064] On the other hand, as aNPD, Alq3 and BCP have LUMO levels of ca. 2.5 eV, 2.9 eV and 3.2 eV t respectively, 
10 electrons injected from the cathode passes through the QQ77a layer, BCP layer and Alq3 layer and then are blocked 

by the aNPD layer, so that excited molecules of Alq3 are effectively formed to cause luminescence. 

[0065] At this time, the electrons enhancivety injected by the QQ77a layer are supplied to the Alq3 layer, but the 

holes do not move to the QQ77a layer, so that excimers of QQ77a molecules or exciplexes of QQ77a and BCP are 

not formed, whereby luminescence efficiency can be improved: 
is [0066] The above-prepared device of ITO/aNPD/Alq3 /BCP/QQ77a/AlLi/Al exhibited a luminescence efficiency of 

7.9 Im/w, whereas a comparative device of ITO/aNPD/Alq3/QQ77a/AILi/AI lacking the BCP layer exhibited 3.0 Irn/w, 

showing an improvement by the BCP layer. 

[0067] Further, a reference device having a structure of fTO/aNPD/Alq3/QQ77a/AlLVAI having a total organic layer 
thickness of 11 5 nm exhibited a current density of 1 40 mA/cm 2 at a voltage of 10 volts, whereas a comparative device 

20 structure of ITO/aNPD/Alq3/AiLi/AI lacking the QQ77a layer and having a total organic layer thickness of 100 nm 
exhibited only a lower current density of 60 mA/cm 2 at an identical voltage of 10 volts giving a higher electric field 
intensity, thus showing an increase of current density by the presence of the QQ77a layer. 
[0068] As described above, in the conductive liquid crystal device of the present invention, a protective layer having 
a carrier-transporting function is inserted between a conductive liquid crystal layer as a carrier transporting layer con- 

25 tacting an electrode and a functional organic layer, whereby the deterioration, such as the occurrence of molecular 
association (exciplex), at the boundary between the liquid crystal layer and the organic layer, can be effective ly pre- 
vented. As a result, in the organic EL device of the present invention including a luminescent organic layer, a sufficient 
luminescence can be attained at a low voltage to reduce the power consumption and the short circuit between the 
electrodes can be prevented, thereby improving the reliability of the organic EL device, 

30 [0069] The conductive liquid crystal device of the present invention can be utilized not only in such an organic EL 
device but also in other electron devices, such as a photosensor, a photoconductor (as in electrophotographic appa- 
ratus), an organic semiconductor device (organic TFT), and a spatial modulation device. 



35 Claims 

1 . A conductive liquid crystal device, comprising a pair of oppositely spaced electrodes, and a carrier transporting 
layer disposed in contact with one of the electrodes and comprising a conductive liquid crystal having a rc-electron 
resonance structure in its molecule, a protective layer disposed in contact with the carrier transporting layer and 

40 having a carrier transporting function, and an organic layer disposed in contact with the protective layer, respectively 

disposed between the electrodes. 

2. An organic electroluminescence device, comprising a pair of oppositely spaced electrodes, and a carrier trans- 
porting layer disposed in contact with one of the electrodes and comprising a conductive liquid crystal having a n> 

<*5 electron resonance structure in its molecule, a protective layer disposed in contact with the carrier transporting 

layer and having a carrier transporting function, and a luminescent organic layer disposed in contact with the 
protective layer, respectively disposed between the electrodes. 

3. An electroluminescence device according to Claim 2, wherein the protective layer comprises a non-liquid crystal 
so material. 

4. An electroluminescence device according to Claim 2, wherein the re-electron resonance structure is aligned in a 
plane substantially parallel to a surface of said one of the electrodes. 

55 5. An electroluminescence device according to Claim 2, wherein said carrier transporting layer has been formed by 
vacuum deposition of the conductive liquid crystal. 

6. An electroluminescence device according to Claim 2, wherein the luminescent organic layer has been formed by 
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vacuum deposition. 

7. An electroluminescence device according to Claim 2, wherein the luminescent organic layer is in an amorphous 
state. 

5 

8. An electroluminescence device according to Claim 2, wherein the conductive liquid crystal comprises a discotic 
liquid crystal. 

9. An electroluminescence device according to Claim 2, wherein the carrier transporting layer and the protective layer 
to has an identical type of principal charge carrier. 

10. An electroluminescence device according to Claim 2, wherein the present invention has a function of selectively 
transporting either one of hole or electron. 

15 11. An electroluminescence device according to Claim 2, wherein the conductive liquid crystal comprises a smectic 
liquid crystal. 

12. An electroluminescence device according to Claim 2, wherein the protective layer has a band gap broader than 
that of the carrier transporting layer. 

20 
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